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(57) ABSTRACT

The present invention discloses a cloud and edge integrated
method and system for identifying parameters of a servo
motor. The method comprises the following steps: acquiring
parameters of the servo motor; transmitting the parameters
of the servo motor to a cloud identification engine and an
edge identification engine; performing data processing and
identification analysis, by the cloud identification engine, the
parameters of the servo motor to obtain an internal resis-
tance of the motor Rs, and sending an identification result to
the edge identification engine through a network; identify-
ing, by the edge identification engine, the cloud identifica-
tion result and the parameters of the servo motor to obtain
identification results of d-q axes inductances and a flux
linkage. The system comprises a servo motor parameter
acquisition unit, a sending unit, a cloud identification
engine, and an edge identification engine.

6 Claims, 5 Drawing Sheets
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CLOUD AND EDGE INTEGRATED METHOD
AND SYSTEM FOR IDENTIFYING
PARAMETERS OF SERVO MOTOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

The application claims priority to Chinese patent appli-
cation No. 202311134465.1, filed on Sep. 5, 2023, the entire
contents of which are incorporated herein by reference.

TECHNICAL FIELD

The present application relates to control of electric
appliances, and in particular to a cloud and edge integrated
method and system for identifying parameters of a servo
motor.

BACKGROUND

Permanent magnet synchronous motors can realize accu-
rate rotating speed control and good torque response through
vector control, but the vector control is sensitive to the
change of motor parameters. During actual operation of the
motor, the motor parameters such as resistance, inductance
and flux linkage of the motor often change in real time due
to the influence of factors such as temperature change and
external interference. Changes in these parameters would
affect the performance of the motor control system and, in
turn, the operating state of the motor.

The parameter identification of the permanent magnet
synchronous motor is a very complicated process, and the
parameters typically needing to be identified are stator
resistance R, d-q axes inductances L, and L, permanent
magnet flux linkage @, etc. The operation of the motor
system is influenced by a plurality of external objective
factors, and the parameters of the motor change along with
the operation of the motor. The most important external
factor is the problem of temperature rise during the opera-
tion of the motor, leading to an increase in stator resistance.
Meanwhile, the permanent magnet flux linkage is also
influenced by the temperature rise, indirectly causing
changes in inductance. To maintain the control performance
of the motor, the motor parameters need to be identified in
real time and the control strategy needs to be adjusted
according to the change of the motor parameters.

The motor parameter identification academically is
mainly divided into an off-line type and an on-line type.
Off-line identification is mainly to obtain electrical param-
eters of the motor through experimental measurements, for
example, the resistance of the motor can be obtained directly
by direct current voltage using the principle that voltage is
equal to the product of current and resistance; and the
measurement of inductance requires applying high-fre-
quency voltage to the stator to obtain inductance parameters
through response values of current to signals. Compared
with the off-line identification method, on-line identification
focuses on parameter changes in the motor operation pro-
cess, and has good dynamic significance. Only by identify-
ing the motor parameters in the operation process can the
obtained data better feed back the real condition of the motor
to the controller, so that the motor can be controlled more
accurately. At present, the main methods for identifying
motor parameters on line comprise a least square method, an
extended Kalman filter, model reference self-adaptation, an
intelligent algorithm, etc.
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The existing motor parameter identification algorithm is
low in accuracy or real-time performance, which in turn
affects the control performance of a motor.

SUMMARY

Based on the above description, it is necessary to provide
a cloud and edge integrated method for identifying param-
eters of a servo motor to address the aforementioned tech-
nical issues.

A cloud and edge integrated method for identifying
parameters of a servo motor, comprising the following steps:

acquiring parameters of the servo motor;
transmitting the parameters of the servo motor to a cloud
identification engine and an edge identification engine;

performing processing and identification analysis, by the
cloud identification engine, the parameters of the servo
motor to obtain an internal resistance of the motor R,
and sending an identification result to the edge identi-
fication engine through a network;

identifying, by the edge identification engine, the cloud

identification result and the parameters of the servo
motor to obtain identification results of d-q axes induc-
tances and a flux linkage.

The parameters of the servo motor include d-q axes
feedback currents i ,and i, d-q axes input voltages u,and u,,
an angular velocity of the motor ®, d-q axes inductances of
the motor L, and L, an internal resistance of the motor R,
a flux linkage @, etc. With respect to the parameters, i, i,,
u, u_and ® may be calculated by real-time measuring with
sensors, while L, L, R, and @, are parameters that need to
be identified. According to equation (1), it can be seen that
there is a problem of rank deficiency by using two equations.
The present invention is based on cloud computing power to
identify R, which is complex and changeable, in the cloud,
simplifying the identification of inductance and flux linkage.

dly )

dt
dl,
dt

_ ' o [—RS qu]
o it l-els -R

BRI B S ) Y

In one embodiment, a neural network identification algo-
rithm in the cloud identification engine is as follows:

R=fil- Y G2f 1 ()G

where G1 and G2 are weights of corresponding output
functions, and G1+G2=1.

f,(-) represents a network output value at a time k, f,_,(-)
represents a network output value at a time k—1, defined
as follows:

SlO=i Wl w2, *w3u S wA+ T w5 +w w6

where wi represents a weight of an input quantity, i=1,
2,...,6,and wl+w2+w3+wd+w5+wb6=1, w is a motor
speed, i, and i, are d-q axes currents, u,and u,, are d-q

axes input voltages, and T is a motor temperature.
Since the acquired parameter data contains a lot of noises,
the acquired parameter data is uploaded to the cloud iden-
tification engine for data processing, the data is cleaned to
remove the noises, and thus an accurate identification result
can be obtained. The motor temperature changes slowly, and
the temperature fluctuation is small after the motor runs
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stably; the current of the motor is greatly affected by moreover, a covariance P, between the real value and the
temperature and voltage, changes frequently and complexly optimal estimated value is defined:
with more noises, and thus the present invention mainly and update laws are as follows:
performs data processing on temperature and current of the
otor 5 P=(-K,H) P, )
For the motor temperature T, it is preferred to use a P =CP.CT+0 )

low-pass filter for processing, as follows: where [ is an identity matrix, and Q is a covariance of the

process noise d(t).
Another object of the present invention is to provide a

H(s)= — L yWe =2m% fo 10 cloud and edge integrated system for identifying parameters
o +1 of a servo motor, comprising:

a servo motor parameter acquisition unit used for acquir-

ing parameter data of the servo motor;
where H(s) is a Laplace transform transfer function, s is s  asending unit used for receiving the parameter data of the
a complex frequency domain, w is a cutoff frequency, servo motor and sending it to a cloud identification
and £, is a frequency. engine and an edge identification engine so as to enable
Filtering is performed by using the following equations the cloud identification engine and the edge identifica-
(2)-(6) for data processing of the currents of the motor i, tion engine to identify the parameters of the servo

motor respectively;
the cloud identification engine used for identifying the
parameter data of the servo motor and sending an

a g/d-axis decoupling model of the motor is established: 20

it + 1) = Ciga(t) + Duugia(®) + d(0) identification result to the edge identification engine;
{ 2(0) = Hiyg®) + (1) the edge terminal identification engine used for perform-
25 ing identification analysis of the acquired parameter
data of the servo motor and the cloud identification
where C=—R /L, D=1/L_,,. d(t) is a process noise, v(t) result to obtain target parameter results;
is a measurement noise, z(t) is a state observed quantity, In the present invention, the cloud identification engine
H is a state transfer coefficient, R, is the internal comprises a data processing module, a neural network
resistance of the motor, and L, is the g/d-axis induc- ,, identification module and an output module; where
tance; the data processing module is used for processing and
denoising the acquired parameter data of the servo
L+ 1)=CL D1 1 f0) 2 motor;
- . . . the neural network identification module is used for
where 1,,,(t+1) is a predicted value of the g/d-axis current, 35 identifying the acquired parameter data of the servo
lq,d(t) is an optlmal estimated value of ﬂle current, and motor to obtain R_;
U 4/A1) is an input value of the g/d-axis voltage: the output module is used for transmitting the identifica-
in addition, let tion result to the edge identification engine.
In one embodiment of the invention, the data processing
L )=T L K 2(D-HT L 1+1)) 3 a0 module processes the motor temperature T according to the
following low-pass filter:
where K, is a gain coefficient, defined as follows:
K=P H(HP H'+R)"! @ HE) =~ w, = 2me .
where H” is a matrix transpose of H, and R is a covariance *’ we !
of the measurement noise v(t);
ﬁk is a covariance between the real value and the pre- where H(s) is a Laplace trans.form tfansfer function, s is
dicted value, defined as P follows: a complex frequency domain, w . is a cutoff frequency,
50 and £, is a frequency.

The data processing module denoises the cwrrent of the
o o 1 .o motor according to equations (2)-(6) above.
P =E[&x3]= o1 Zizle’“*e’d’ The neural network identification module identifies the
internal resistance of the motor Rs based on the following
55 neural network identification algorithm:

where ?k is a prior state error, defined as: Py Sl Ro=f(V*G2Hf (VG
(t)_?q/d(t); €, represents an i-th prior state error sample; where G1 and G2 are weights of corresponding output
moreover, a covariance P, between the real value and the functions, and G1+G2=1.
optimal estimated value is defined: o f,(-) represents a network output value at a time k, f,_,(-)
represents a network output value at a time k—1, defined
as follows:
Py = E[ek *eﬂ _ anlZ:‘:leki *ezi, SelO=i A wlH w24, ¥ w3tu fwd+ THwS+w *w6
where wi represents a weight of an input quantity, i=1,
65 2,...,6,and wl+w2+w3+wd+w5+wb6=1, w is a motor
where e, is a posterior state error, defined as: e;=i, (1)1, speed, i, and i, are d-q axes currents, u, and u,, are d-q

(t); and e, represents an i-th posterior state error sample; axes input voltages, and T is a motor temperature.
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In one embodiment of the invention, the edge identifica-
tion engine identifies the parameters Lq, Ld and @, by using
the following equations:

the parameters A and B may be identified according to the

following two equations:

n 1
Zi:1yi(xi - ;Zi:IXi)

T oo 1 m
Zi:lx'z - ;(21:1]61)2

= %ZLI (v — 4x1)

where dimensions of y, and X, are m*n dimensions,

iq g R;
J’i:(i ),Xi:(u ),A:[
q q WLy

R —qu]*I[ 0 ]
R, wer |

o
(A)L,j
i, and i, are the d-q axes currents, u, and u_ are the d-q
axes input voltages, T is the motor temperature, R is
the internal resistance of the motor, ® is an angular
velocity of the motor, L, and L, are the d-q axes
inductances, and ¢, is the flux linkage.

According to the cloud and edge integrated method and
system for identifying parameters of a servo motor provided
by the invention, the complex and changeable parameter Rs
is identified based on the computing power of the cloud, and
then identification is performed by the edge identification
engine in combination with the above identification result
and other parameter data acquired in real time, so that the
inductances and the flux linkage are obtained. The present
invention ensures the accuracy of parameter identification
while meeting the real-time requirement through the pow-
erful computing power of the cloud and the real-time
processing capability of the edge, providing a dynamic and
accurate model for real-time precise control of the motor.

According to the invention, the parameter data of the
servo motor is denoised before neural network identifica-
tion, and noises are removed by filtering the data, so that the
identification precision and accuracy are improved.

The mathematical model provided by the present inven-
tion for data processing of the motor temperature T and the
current can improve the denoising effect and further improve
the identification precision and accuracy.

The neural network identification model provided by the
invention has a very high identification accuracy, for
example, the identification result R, shown in table 1 of the
embodiment is 2.874934831393645, and the real value
measured is 2.875.

_qu :|71
R ’

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows a permanent magnet synchronous motor
model and an equivalent circuit.

FIG. 2 is a schematic diagram of a system for identifying
motor parameters according to the present invention.

FIG. 3 is a flow chart of resistance R  cloud identification
according to the present invention.

FIG. 4 is a block diagram of a resistance R, neural
network identification algorithm according to the present
invention.
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FIG. 5 is a diagram of recognition results according to the
present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

To make objectives, technical solutions, and advantages
of the present application more clearly, the following further
describes the present application in detail with reference to
the accompanying drawings and embodiments. It should be
understood that the specific embodiments described herein
are merely intended to explain the present application, but
not to limit the present application.

As shown in a permanent magnet synchronous motor
model and an equivalent circuit in FIG. 1, a servo motor may
be described by a mechanism equation of equation (1).

dly
dt
dl,
dt

M®
R,

[ o [ qu]
ot l-els -R

b1 (Y A S ) Y

In equation (1), i, and i, are d-q axes feedback currents of
the motor, which may be calculated by measuring with
current sensors; u, and u,, are d-q axes input voltages of the
motor;  is an angular velocity of the motor, which may be
calculated by measuring with a sensor. L, and L, are d-q
axes inductances of the motor, which are parameters needing
to be identified, and the present invention focuses on iden-
tifying the motor with L =L ; R, is an internal resistance of
the motor, which is a parameter needing to be identified; and
®, is a flux linkage, which is a parameter needing to be
identified.

According to the above analysis, R, L /L., and @, are 3
parameters needing to be identified, but there are only two
equations in equation (1), raising a problem of rank defi-
ciency.

In order to solve the problem of rank deficiency, a
parameter needs to be identified in a cloud. The cloud has
strong computing power and can identify complex and
changeable parameters. R is greatly influenced by tempera-
ture and is related to current and voltage, so the cloud may
be used for identifying it and then send an identification
result to an edge, and the remaining two parameters may be
identified with the two equations.

As shown in FIG. 2, parameter data acquired by sensors
are transmitted to a cloud identification engine and an edge
identification engine, respectively. The cloud identification
engine performs parameter cloud identification and outputs
an obtained identification result to the edge identification
engine. The edge terminal identification engine is performs
parameter identification by combining the acquired param-
eter data and the cloud identification parameter result.

Specifically, this embodiment comprises the following
steps:

1. Acquiring motor related parameter data acquired by

various sensors, including
a motor temperature T, d-q axes feedback currents i, and
i, d-q axes input voltages u, and u,, and angular
velocity of the motor .

2. Sending acquired parameter data to the cloud identifi-
cation engine and the edge identification engine,
respectively.
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3. Performing, by the cloud identification engine, param-
eter identification to obtain a parameter derived from an
identification result, i.e. the internal resistance of the
motor R, and sending the identification result to the
edge identification engine.

3.1 Data Processing

Since the acquired parameter data contains a lot of noises
such as current, the acquired parameter data is uploaded to
the cloud identification engine for data processing, and the
data is cleaned to remove the noises. The motor temperature
changes slowly, and the temperature fluctuation is small
after the motor runs stably; the current of the motor changes
frequently and has more noises, so the data is denoised
before neural network identification is performed. A digital
filter can weaken or remove noises according to frequency
characteristics of signals, which can effectively reduce digi-
tal noises. According to the temperature and current data
characteristics of the motor, in this embodiment, the follow-
ing methods are preferably employed for data processing
respectively. The d-q axes input voltages u, and u, and the
angular velocity of the motor w are theoretical values, and
denoising is not needed.

a. Data processing of motor temperature T

A temperature signal is processed by using a low-pass

filter as follows:

1
H(s)= ——

—+1
wC

, We =27% [z

where H(s) is a Laplace transform transfer function, s is
a complex frequency

domain, w .. is a cutoff frequency, and f_ is a frequency.

b. Data processing of the currents of the motor i,

Taking the g-axis current as an example, data processing
is performed by using the following filtering method, which
is also applicable to the d-axis current:

Firstly, a g-axis decoupling model of the motor is estab-
lished:

{ igt + 1) = Cig(t) + Duy(0) + d(2)
2() = Hiy(6) + v(0)

where C:—RS/Lq, D=1/Lq, d(t) is a process noise, v(t) is
a measurement noise, z(t) is a state observed quantity,
H is a state transfer coefficient, R, is the internal
resistance of the motor, and L, is the g-axis inductance.
Then let

T (4 D)=Cl (O)+Du (1) @

where T ,t+1) is a predicted value of the g-axis current,
1(t) is an optimal estimated value of the current, and
u (t) is an input value of the g-axis voltage.

In addition, let

LarD=T (DK (-H T (1+1)) 3

where K, is a gain coefficient, defined as follows:

K=P H(HP H+R)" 0

where H” is a matrix transpose of H, and R is a covariance
of the measurement noise v(t).
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ﬁk is a covariance between the real value and the pre-
dicted value, defined as follows:

- . . - .
where €, is a prior state error, defined as: e ,=i,,(t)—
-
1 q/d(t);
g . .
e ,; represents an i-th prior state error sample.

Moreover, a covariance P, between the real value and the
optimal estimated value is defined:

1
Py :E[ek *e{] = P 12?:191(1*91{1

where e, is a posterior state error, defined as: e,=i q(t)—Iq
(t); and
e.; represents an i-th posterior state error sample.
Moreover, a covariance P, between the real value and the
optimal estimated value is defined, and update laws may be
obtained as follows:

P=(-KHP, o)

P L1 =CP.LT+Q (6)

where [ is an identity matrix, and Q is a covariance of the
process noise d(t).

By using the above mathematical equations, the current
data of the motor may be denoised, which is beneficial for
obtaining accurate results in neural network identification.
3.2 Neural Network Identification

After data processing is completed, neural network iden-
tification may be performed. The present embodiment pref-
erably uses a neural network identification model shown in
FIG. 4. The neural network identification model is as fol-
lows:

R=f VFG24f, ,()*G

where G1 and G2 are weights of corresponding output
functions, and G1+G2=1.

f,(-) represents a network output value at a time k, f,_,(-)
represents a network output value at a time k—1, defined
as follows:

SelO=i A wlH w24, ¥ w3tu fwd+ THwS+w *w6

where wi represents a weight of an input quantity, i=1,
2,...,6,and wl+w2+w3+wd+w5+wb6=1, w is a motor
speed, i, and i, are d-q axes currents, u, and u,_ are d-q
axes input voltages, and T is a motor temperature.
An identification network structure of motor resistance
may be established by using the above equations to achieve
independent identification of the motor resistance.
4. Identification of parameters L. =L, and @, by the edge
identification engine
The identification result obtained by cloud identification,
i.e. the internal resistance of the motor R, is sent to the edge
identification engine through a network for identification.
That is, the internal resistance of the motor R, is substituted
into equation (1) for identification, so that the two equations
only have two parameters of inductances and a flux linkage,
and the following method may be used for identification:
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according to equation (1), when the current is stable:
di,,/dt=0, then equation (1) may be transformed into
the following by simple operation:

v;=AxAB
where
(i) == ()
v={ba=l")
! i) 1,
R, —wL, 1!
A= a
[(A)Ld R, ] ’
o A R
“leoLs R wer [

i, and i, are the d-q axes currents, u, and u_ are the d-q
axes input voltages, T is the motor temperature, R is
the internal resistance of the motor, ® is an angular
velocity of the motor, L, and L, are the d-q axes
inductances, and o is the flux linkage.

The parameters A and B may be identified according to

the following two equations:

; -
Zizly’(xi - ;Zi:lxi)

. T o
PR I

= %ZLI (yi — Ax),

where dimensions of y; and x; are m*n dimensions.

Since R, is identified by the cloud, and  is the angular
velocity of the motor and may be measured by a sensor, two
parameters of the inductances L, and L, and the flux linkage
®, may be calculated according to the two equations.

FIG. 5 and table 1 show the identification results obtained
by the method described in the present embodiment. The
results in FIG. 5 and table 1 show that the identification
results are very close to the real values, which indicates that
the identification accuracy of the present invention is very
high.

TABLE 1

Identification results

Parameter Real value Identification value
R, 2.875 2.874934831393645
L, 0.0085 0.008500000000003
L, 0.0085 0.008501320910719
Phi(¢y) 0.175 0.175000189803229

Correspondingly, an embodiment of the present invention
also provides a cloud and edge integrated system for iden-
tifying parameters of a servo motor. As shown in FIG. 2, the
system includes:

A servo motor parameter acquisition unit used for acquir-
ing parameter data of a servo motor, such as a motor
temperature T, d-q axes feedback currents i, and i_, d-q axes
input voltages u, and u,, and an angular velocity of the
motor . The acquisition unit is sensors disposed at different
parts of the motor, such as a current sensor, a voltage sensor,
a temperature sensor, etc.

Asending unit used for receiving the parameter data of the
servo motor and sending it to a cloud identification engine
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and an edge identification engine so as to enable the cloud
identification engine and the edge identification engine to
identify the parameters of the servo motor respectively.

The cloud identification engine used for identifying the
parameter data of the servo motor and sending an identifi-
cation result to the edge identification engine.

The edge terminal identification engine used for perform-
ing identification analysis of the acquired parameter data of
the servo motor and the cloud identification result to obtain
target parameter results.

In the present invention, the cloud identification engine
comprises a data processing module, a neural network
identification module and an output module; where

The data processing module is used for processing and
denoising the acquired parameter data of the servo motor.
The data processing module processes the motor tempera-
ture T according to the following low-pass filter:

H(s)=

5 , We =27x f

—+1
wC

where H(s) is a Laplace transform transfer function, s is
a complex frequency domain, w . is a cutoff frequency,
and £, is a frequency.

The data processing module denoises the cwrrent of the
motor according to equations (2)-(6) above.

The neural network identification module is used for
identifying the acquired parameter data of the servo motor to
obtain R,. The neural network identification module identi-
fies the internal resistance of the motor R, based on the
following neural network identification algorithm:

R=fil- Y G2f 1 ()G

where G1 and G2 are weights of corresponding output
functions, and G1+G2=1.
f,(-) represents a network output value, defined as follows:

SelO=i A wlH w24, ¥ w3tu fwd+ THwS+w *w6

where wi represents a weight of an input quantity, i=1,
2,...,6, and wl+w24+w3+wd+w5+w6=1; and w is a
motor speed.
A memory is used for storing a value of a previous time.
The output module is used for transmitting the identifi-
cation result to the edge identification engine through a
network.

What is claimed is:
1. A cloud and edge integrated method for identifying
parameters of a servo motor, comprising the following steps:

acquiring parameters of the servo motor;

transmitting the parameters of the servo motor to a cloud
identification engine and an edge identification engine;

performing data processing and identification analysis, by
the cloud identification engine, the parameters of the
servo motor to obtain an internal resistance of the
motor R, and sending an identification result to the
edge identification engine through a network;

performing identification analysis, by the edge identifi-
cation engine, the cloud identification result and the
parameters of the servo motor to obtain identification
results of d-q axes inductances of the motor and a flux
linkage; wherein a neural network identification algo-
rithm in the cloud identification engine is as follows:

R=fil- Y G2f 1 ()G
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wherein G1 and G2 are weights of corresponding output
functions, and G1+G2=1;

f,(-) represents a network output value at a time k, f,_,(-)
represents a network output value at a time k—1, defined
as follows:

SeO=i Wl w2, *w3u fwA+ T wS+w w6

wherein wi represents a weight of an input quantity, i=1,
2,...,6,and wl+w2+w3+wd+w5+wb6=1, w is a motor
speed, i, and i, are d-q axes currents, u,and u, are d-q
axes input voltages, and T is a motor temperature;

the edge identification engine identifies the parameters L,
L, and @, by using the following equations:

n 1
Z, 1y’(xi B ;Zi:lxi)

(yi — Ax),

wherein dimensions of y, and x; are m*n dimensions,

i R, -wL,T!
(o= ael T
iq Uy wLy R
“lon, 0] Tow,]
“lwLy R wer [

i, and i are the d-q axes currents, u, and u_ are the d-q
axes Input voltages, T is the motor temperature, R is
the internal resistance of the motor, ® is an angular
velocity of the motor, L, and L, are the d-q axes
inductances, and @, is the flux linkage.

2. The cloud and edge integrated method for identifying
parameters of a servo motor according to claim 1, wherein
in the data processing, a low-pass filter is used to process the
motor temperature T:

We =27 % [z,

wherein H(s) is a Laplace transform transfer function, s is a
complex frequency domain, w . is a cutoff frequency, and £,
is a frequency.

3. The cloud and edge integrated method for identifying
parameters of a servo motor according to claim 1, wherein
in the data processing, filtering is performed by using the
following equations for data processing of the currents of the
motor i,

a g/d-axis decoupling model of the motor is established:

{ iga(t + 1) = Ciga(t) + Dugys () + d(2)
2(8) = Higyy (1) +v() ’

wherein C=RJL D.=1/Lq,d,. d(t) is a process noise, \{(t)
is a measurement noise, z(t) is a state observed quantity,
H is a state transfer coefficient, R, is the internal
resistance of the motor, and L, is the q/d-axis induc-
tance;

let

T et D)=CL+D U 1) @
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wherein ?q,d(t+1) is a predicted value of the g/d-axis
current, 1,(t) is an optimal estimated value of the
current, and u ,,(t) is an input value of the g/d-axis
voltage;

in addition, let

Lt D=T (DK (D=H Ty (1+1)) (©)
wherein K, is a gain coefficient, defined as follows:

Ki= P H(HP HR) @
wherein H” is a matrix transpose of H, and R is a

covariance of the measurement noise v(t); and Pkisa
covariance between a real value and a predicted value,
defined as follows:

-
Py :E ek*ek

€, *e
Ly

Lo . - .
wherein e, is a prior state error, defined as: € ,=i,,
-

(01 4alt);
sample;
moreover, a covariance P, between the real value and the

optimal estimated value is defined:

- . .
e represents an i-th prior state error

Pk:Eek*ek

[ *e
LS e,

wherein e, is a posterior state error, defined as: e;=i,,
(- lq,d(t) and e, represents an i-th posterior state error
sample;

moreover, a covariance P, between the real value and the
optimal estimated value is defined:

and update laws are as follows:

P=(-KH)P, 5

Pra=CP,CT+Q 0)

wherein [ is an identity matrix, and Q is a covariance of
the process noise d(t).
4. A cloud and edge integrated system for identifying

parameters of a servo motor, comprising:

a servo motor parameter acquisition unit used for acquir-
ing parameter data of the servo motor;

a sending unit used for receiving the parameter data of the
servo motor and sending it to a cloud identification
engine and an edge identification engine so as to enable
the cloud identification engine and the edge identifica-
tion engine to identify the parameters of the servo
motor respectively;

the cloud identification engine used for identifying the
parameter data of the servo motor and sending an
identification result to the edge identification engine;

the edge terminal identification engine used for perform-
ing identification analysis of the acquired parameter
data of the servo motor and the cloud identification
result to obtain target parameter results; the cloud
identification engine comprises a data processing mod-
ule, a neural network identification module and an
output module;

wherein,

the data processing module is used for processing and
denoising the acquired parameter data of the servo
motor;
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the neural network identification module is used for
identifying the acquired parameter data of the servo
motor to obtain Rs;

the output module is used for transmitting the identifica-
tion result to the edge identification engine;

the neural network identification module identifies the
internal resistance of the motor Rs based on the fol-
lowing neural network identification algorithm:

R=f Y G24f, ,()*G

wherein G1 and G2 are weights of corresponding output
functions, and G1+G2=1;

f,(-) represents a network output value at a time k, f,_,(-)
represents a network output value at a time k—1, defined
as follows:

SeO=iFwlH w24, ¥ w3tu fwd+ THwS+w *w6

wherein wi represents a weight of an input quantity, i=1,
2,...,6,and wl+w2+w3+wd+w5+wb6=1, w is a motor
speed, i, and i, are d-q axes currents, u,and u, are d-q
axes input voltages, and T is a motor temperature;

the edge identification engine identifies the parameters L,
L, and @, by using the following equations:

n 1
;. Zi:lyi(xi B ;Zi:lxi)
n 1 m ?
Yt ()
1

B=—3 " (i dx),
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wherein dimensions of y, and x; are m*n dimensions,

Ry

)]
5 iq Uy wly

R, —qu]fl[ 0 ]
R wer |

ol

wLy

i, and i, are the d-q axes currents, u, and v, are the d-q
axes Input voltages, T is the motor temperature, R is
the internal resistance of the motor, ® is an angular
velocity of the motor, L, and L, are the d-q axes
inductances, and @, is the flux linkage.

5. The cloud and edge integrated system for identifying

15 parameters of a servo motor according to claim 4, wherein
the data processing module processes the motor temperature
T according to the following low-pass filter:

_qu :|71
R ’

10

20
H(s)=

—— W, =2 £,

—+1
We

wherein H(s) is a Laplace transform transfer function, s is
a complex frequency domain, w . is a cutoff frequency,
and £, is a frequency.

6. The cloud and edge integrated system for identifying
parameters of a servo motor according to claim 4, wherein
in the data processing module, filtering is performed by
30 using the equations (2)-(6) in claim 3 for data processing of

the currents of the motor i_,,.

25
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